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(57) Abstract; Apjsaraius for modifyaiig a property of a brain of a padent is prDvided, ineliiding otie or m^ore e^^ (7)> adapteij 

to be appt&i to a isite selected a group of sites consisting of : a sphenopafatiQ^ ganglion (SPG) (6) of the patient and a neaiai: 
|JJ5 originatitig in Or leading to the SPG- A cpntroV^nit (8) rs adapted to drive the one oi-^ i^ aifjply ajetritdrttio the 

ske capable of inducing (a) an incr&ase in p^meabMStsr of a blood -brain baurrier (BBB> of the paiSeiit, (b) a change . in cerebral bioc^ 
flow of the patientt and/or <c) an i ahi bition of paiasynipathetic activity of the SPG. 
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mNmJsmixi^ cerebral bldod 

mm/ 

FIEIJ3 OFTHE IK^^ 

The present iuventiori relates generally to medieal procedures and electronie 
devices. More specificaliy, the inyentfoE relates to the use of electrical devices fi>r 
hnplanfatipji m the head, for exaxnple, in the jiasal cavity. The iirveiition also relates to 
apparatas Md fox administering drugSji for treating stroke and migmme^ and for 

insproving cerebral bfo fipw. 

BACaS&GItO^^ OF THE 

The hloGd-brain barrier (BBB) is a nnique Jtep^tiire of the central neiyotis systfe^ 
(CNS) which isolates the brain from the syisteoiic blood circulation. To maintain the 
horneostasis of the CNS^ the BBB prevmts access io thp brain of many substances 
circulating in the blood. 

The BBB is fenned by a t^mi^ex ceU^ of endotheJial cells, asttogtia, 

peritg^tes, peiSv^asc^ and a basal lamina* Cbmpared to other tisSM^i brain 

endbthelia have the most intiinate ceU^t«>-ceiBl tojonectipns: endQtlielial cells adhere 
strongly to e^ch pihtt, forming structures specific to the C3tSS caUe<i "tigjit jnnctioBs" or 
z&mU ocdudens. Thpf involve two opppsidg plasma meiiibr^es Which totm a 
n^embr^e fbsipXJ With cytoplasmic densM on eifiber side. These tigjit junctions pre^^ 
dell migration or cell movement between endQthelM a&lls^ A contibtiptisi imiform 
b^einent membrarife ?a^conn^^^ capillari^^ TMs basd lamina e^o^escc^tractile 

iC&Us called peiicytesv which form an intermittent layer and probably play some role in 
phago<5? tosis acti^ and defense if die BKB is breached, i^^^ feet, vi^hicji coye^ 

the brain capillaries v build a CQntiimpus $Ieeve and lii^tain the integrii^ of the BBB by 
the synthesis and secretioii of soluble growth factors |[b,g^ gamma^utamyl 
transpeptidase) essential fbr the e?i^ thwBBB chafitd^Mtfsa^^ 
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Beesaiise of the BBB, ceilAiii iioii-sturgical t*e»lmeiits of tbe brain based xipon 
systeimfc iitfrtjductton of throng the bloodstream Iiave been ineffective or le$s 

effective. Pot example, Ghemotfcera^ bas been relatively meffective in the treatment of 
GNS metastases of systemic cancers (e g,, breast cancer, small cell iiaag cancer^ 
5 lymphoina, and germ cell tumors), despite clinical regression and even complete remission 
pf these tumors in non-CNS systemic locations. The most important fe^ determining 
drug delivery fi-om blood into the GNS stre lipid solubility, moleGular mass, and electricai 
charge, A good correlation exists between the lipid solubility of a dni^ expressed as the 
oetanol/water partition cGefficient, md the dmg's ability to penetrate or diffuse across the 

10 BBB. This is particulariy relevant for drugs with molecular weights smaller than 600 Da. 
The normal BBB prevents the passage of ionized water soluble drugs with a molecular 
weight greater than 180 dalton IjDa)- Most currenfly-avaiiable effective ehemotherapeuti<i 
agents, however, have a molecular weight between 200 and 1200 Da. Therefore, ba^ed 
both on their lipid solubilities and in^slecular masses, the passage Of many agents is 

15 impeded by the BBB. 

In addition to trtoscellute diffusion of Upbphilic ager^^ m ssvejal sppiflc 
transport m^cbiaia$ins to cjany certein mqlecntes apross the brata's endothelial cells^ 
Specific tranisp^ tnolec^cd^ siwSi as ^[licose aj^ lacids, 

Additipnally, absoiptive endocytosis and transcytosis daiiir for ciatidiiized pl^ma 
20 proteins, Spedfitc tecxj^tojm |»i^)teiii5, snt2j as transfewwro and insulin, itiedmt& 

endooytosis and ti^i^Oi^ acio$^ CtU* 

Non-surgica! treatment of neuiologieai disorders is generally limited to systemiG 
introduction of eompounds such as neuropharmaeeuticals and other neurologically-active 
agents ttot might remedy or modify neurologically-related activities and disorders. Such 
25 treatment is iimited, however, by the relatively small nuxnber of known compounds fibat 
pass through the BBB. Even those that do cross the BBB oflen produce adverse ^eactiojfis 
in Dtberijaris of the body c^iia npn-tar^ 

There have been a number of diEEerent studies regardiijg efforts to cross the BBB— 
specifically, with regard to overcoming the limited access of drugs to the hrBia. Such 
30 efforts have included, for example, chemical txiodification^ development of more 
hydrophobic analogs, or linking an active coinxpound to a speeifiG carrier. Transient 
Qpeiiiiig of the HBB in humans has been achieved by iMm of hypertonic 
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niatinitdl sdiutiians or bfadykmife aiialdgSi Alsd, mbdiilatibn <)f ttte P-gtycxsprbteiji, wlidse 
sulsstrates axe actively pucaped otit of cellfi iafay cajjiilary teieniSi li^s tie^n Jaund to 
lacilitate &e delivery of drugs to the feirot* Hov^ due to die iitbistefla iit^^ ot 
^ch of the afor^a^irtionedi procechires, Ihere is $till a iieed fpr aaoie geneiiCjK eiEfectiye^ 
5 md predictaijle w BBB, 

It would also be desirable to develop controllable means for modulating ceT&biai 
blood flow. Many patlioiogical conditions^ sudi as stroke, mig^mnty and Alzheiinerls 
disease, are significaatly affected or exacerbated by abnormal cerebral blood flow. 

TThe fbllpwijq® TeJbreiicps, wimb are jbcoijjpir^atBd bereii; by referqn<?e^ mBy be 

10 useful; 

Delepine Anbineau P, '-Plasma prptein extravasation induced in the rat dnra 
mater by stimnlation of the paiasytiipathetic spli^siiopaladtte gauigjio?^ Bjfperiinsntal 
Neurology, 147, 389-400 (1997) 

Har^ Zhajsg Cft* Kuioyana^ 1; SSobay^sM "Parasj^pathe^^^ 
1$ innervatic^: An Mtemgrade tm^ng frbiii tfie ^phetiopaZatixte pngrfcm iii the t^i^ 
MeurosurgeiYi, 32, 822^27X1993) 

JoUiet'Riajit P» Tillement JP, "Drug transfer across the blood-bram barrier ^d 
inr^provepient of brain deliyei^j" Bmdam. Clin/ Pi^^ 13, lfr-25 (1999) 

fCroil RA, Netiwelt EA, '^Outwitflng ithe blood brain bartiiBr for tberapetitio 
20 purposes; Osmoiic opeaing mxd otSher means,* l%ij^G$wr^^ 42, IC^S-1 100 (1998) 

Sanders M, Zimnnond WW, "EfScacy of sphenqsalaline blockade in 66 

patients suffering from cluster headache: A 12^70 month foUow-v^p evalnatio% 
NeurosTiigcry> 87, 876-880 (1997) 

SyelaK Hlu::a H» Piftard MacBj^zie Bl; Eii3NDSson ''Ejects of 

25 stixruflatiori of the qpb^tipp^atine giagcij^i6ii on cortical bipod m ike rat^" Jbuiii^ of 
Cerebral Blood How and Metabolism^*' 8, 875<-S78 (1988) 
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Van m WaterbeBind H, Gataeiiisc^ FalMrS Gk, Chretm Rpeysky OM, 
"Estirdation of blopd brain b^rfer crossing of dpgs using mol&Gul^a^ size and siiape; aiid li 
bonding d^iscriptOfs," Jomnal of D^gTargetmfe 6, 151-165, (1998) 

Suzuki Hardebo JE, KaJirstrom J, Ovroian C, '-Saledwe eledtrical stimiilatioii of 
S postganglionic eerebrdvasGular parasj^Dapatlietic nerve fibers priginating from tiie 
sphenopalatine gangiion enliances cortical bloocl fipw" in the ratj- Jouxnal of Cerebral 
Blood mow and Metabolism, 10, 383-391 (1990) 

SuzuMN, Hardebb JE, K^ir^fcroin J, Ownm CB, "Effect on cqrticM blood flow df 
elc^GtriCid sfiir^ation 0^ c^rebrovasculaf m Acta JPhysM- 

10 S^and., 138, 307-315 (1990) 

OBPCTS OF THE INVENT^ 

It is an object of some aspects of the prasemt inventioii to provide improved 
methods and apparatus for d&liveiry of co(EppQunds to tiiie brain, partiealariy tlarongh the 
BBB, 

15 It is ^iIsQ ari obiect of Sdme aspects of the present inverition to pto^de sucji 

methods and apparahis as can be einployed to 4eiiyer mch cjornponnds through the BBB 
with a miniiiially ijiyasrs^ 

It is a further object of some aspects of the present invention to provide aneh 
nietfiods and apparatus as can fecilitate delivery of large moleqular weight compounds 
20 tfardugh the BBB> 

It is yet a further object of some aspects of the present inventidn to pfOVldfr 
e^fectiye inetfaoas and apparatus for dpUvery of comi^oiiaiite thix^fiag^^ th«t blpQ<tbrain- 
bambr. 

It is still a farther object of some aspects of the present iirvention to provide 
25 improved methods and apparatus for remedying or modifying neurological activities and 
disorders via delivery of cornpoimds throngh 1^^ blood-brain -barrier* 

It is atlsoi iiMtber object of spine aspecis of the present myepL^oii to modutate 
cerebM blobd flow. 
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It is art ^diKaaai: qbjeet of $qme aspects ot thp x?resent in^mtioii to provide 
iihprb ved methods iappamtits S6t treating stroke. 

It is yet an additional object of some aspects of tbe pes^nt inventiGn to piovide 
inapipyed tnettiQ appajratws for treati^ inigr^&&^ 

5 It is still m additiQiial object of sosne aspects of th^ jpr^smvt to^^fiofi to pravy 

improved nietbods and apparatus for trealing aeiUFplogical disease (for example, 
Ajzheiirier^s disease), witpse piogiiosis arid evolutioa of pathplog^ipai symptottiis ari^ 
iniluenced by cerebi^ bloQd floWi 

It is also an object of some aspects of the present iiiventiofi to provide implantable 
10 apparatus which affects a property of the brain, withoat actGaily being implanted in the 
btaiti. Ill pattiGiilar, the apparatus may be iiiiplMted^^^^ cavity, 

These ajid other objecfe of Uie indention will become more apparent from the 
descriptipn of preferred embodiments thereof provided hei^einbelpw. 

SUMMARY OF THE INtEIOTON 

15 In preferred embodiments of the present invention, an electrical stimulator drives 

current into the sphenopalatine ganglion (SP<3) oi IntD nenral tracts originating or reaching 
the SPG. Typically, the stimulator drives the current in order to control and/or modify 
SPG-related behavior, e.g., in order to induce changes in cerebral blood flow md/ot M 
modulate permeability of the blood-brain barrier (BBB). These embodiments may be u$ed 

20 in many medical applications, such as, by way of illnstration and not linaitation, (a) the 
treatment of cerebrovascular disorders such as stroke, (b) tim treatmeiit of migraine 
headaches, or (c) the facilitation of drug transport across the BBB. 

It is to be appreciated that, whereas pref^e^ed embodiments of the preseht 
irrt^tkm are described with respect to driving cun^t mto the SPG or into neural 
25 structufes directly related thereto, the scope of the present invention includes driving 
current into other sites m the brain which upon stimulation modulate cerebral Mood flow 
or moduliite penne^^^ propertied of the BBB* as appropriate for a given applicationc 

It is also to t)e appreciated that de(?tricai "stimulation,^ as provided by preferred 
embodiments of the present inventioii, is meant to include suhstaiitially my fprm of 
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current J5Jpli<i^ to desigpatpd I3^m^i "^hm tte current is coiifigiared to bKick or 
iniiib U the acthdty of nerves. 

It is farttier to be appredated that and stimnlation sites, metliods of 

implantation, and parameters of stiiiMatiDii am d^^ by way of lilustratiDii and 

5 not limitation, and tibat the scope of the present invention includes other possibilities 
which would be obyious to sonteone of ordinaTy skill in the art who has read the pres-eiit 
patent appli<:;atioii. 

It is yet fiiFthei? to be appiediatea that vMlt prefbited e^mbodimeiits of tte 
inventiorn generally described herein with reject to eleetrieal transmisSidn of power 
ID aftd electric^ stinxukUdh of tissue, crfhea: modes of eneagj^ terospprt be iised as 

Such energi' iBiciudes, but is not linrited to, dktct or induced eiectrdmaghejic energy, RF 
teaaisnii^sioii, tdtfis«s6Mc optical pqwer^ and Jow power laser energy (vla^ for 

example, a fiber optic cable). 

It is additionally to be appredated that whereas preferred embodiments of the 
15 present invention are described with respect to application of electrical currents to tissue, 
this is to be understood in the context of the present patent applicatidn and in the claiins as 
being substantially equivalent to applying an electrical field, eg., by creating a voltage 
drop between two electrodes. 

The SFQ is a neui^nal center located in the brain behind flte It consist? of 
20 parasyna|)£ahetf nein-oiis iiinervafliig the nuddle peasbral and ^terior cerebral lumens, the 
facial skin hlddd vessds^ and the lacrimal gjands. Activatkm of this i^^ 

pmse vasoiMfetioii yesseits, A sec^d ef^ct of such st&nulation is the opening 

of pores in the Vessd walls, ciansmg plasma protein extravasafieai (PE^. This eflEect 
allows bett^ trafit^pprt of ]^^ fliese blppd vessels to sunt>unding tissue. 

is The middle and anterior cerebral arteries pitivide the majority of tjie Hood snpply 

to the cefebfal hemispheres, inclndihg the frEmtal and ptarietal lobes in theaf enHi^ty, the 
insula and the liinbic system, a^d ^^j^itiiKcant portions of the fbUowing stfuctwresi the 
temporal lobe?* internal t^psute, ba$d thalamus. H^se stmdnar^ Me inroived 

iii mmf of the neuroiogic^al and p^^xilii^tric diseases of the brataj and preferred 

30 embodiment of the present invention are cBrected towards fwrayiding improved bipod 
supply and drug de]iivi»:y to these stetcfcu 

6 
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There is also some cuumai evidence for the pieseiipe of SPG-origiiiated 
paxasympathetic iimervation in the posterior cere&ral acd b^SiLar arteiieis. Cpiisisitent with 
the assunipioit thaJ: tJtfe is also tile m hituii^s, piattiy regiocis pf (the hraian; brain are 
within tbe tedcih of treatiiients provided by pref^0d embGdiments of the {OTsen!: 
5 laveiition, as <k$eiitoe^d hei^i^ 

Currently the SPG is a target of manipulation in clinical mediGine, mostly in 
attempted treatments of severe headadies sueh as cluster headaches. The gan^ion is 
blocked either on a short-term basis, by applying lidocaine, ox pennaixejitly^ by ablation 
with a radio j&equency probe. lii both cases the approach is through the nostrils. In some 
10 pf eferred embodiments of the present invention, similar mettiods for approaching the SPG 
are utilized, to enable the electrical stimtilatiOB or ekeM blocking thereof. 

A^bcording to a preferred embodiment of the instant inventionj a method ^nci 
apparatxis are pro\^ded to enhance delivery of therapeutic mo!ecules across the BBB by 
Stitntilation of the SFG and/or its outgoing parasyrnpathetic tmcts anchor another 

iS parasympathetic miter* The apparatus typically stiimiiates the parasympathetic nerve 
fibers of the SPG, thereby inducing the middle and anterior cerebral arteries to dilate, and 
also cans ing the walls of these cerebral arteries walls to become more permeable to large 
molecules. In this manner, the movement of large pharmaceutical molecnles &om within 
blood vessels to the cerebral tissue is substantially increased. Preferably, therefore, this 

20 method can serve as a neurological drug delivery fiacilitator, without the sacrifices in 
molecular weight required by techniques of the prior art In general, it is believed that 
substantially all pharmacological treatments aimed at cerebral cells for neurological and 
psychiatric disorders are amenable for use with thege enibodiments of the present 
invention. In particular, these embodiments m^y be adapted for use in the treatment Of 

25 disorders mch as brain tmnors, epilepsyj ParkinsGn's disease, Alzheimet^s disease^ 
multiple sclerosis, schizophrenia, depression^ stress, ^ixiety, and aixy other CMS diso^ 
that directiy or fft<Jir«ti[y affected by clianges in tietebml isl^joci Mow or by BBB 
pemeability changes^ 

Advantageously (and even in the absence of BBB permeability changes), patien ts 
30 with these and gther disorders are generally helped by the vasodilation secondary to 
stimulation of the SPCj, and the resultant improvement in oxygen supply to neurons and 
other tissue. For some applications, this treatment is given on a ipng^enn basis^ e*g*, in tiie 
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chrphic treattrierit Aizlieimer^s patfents. Ebr Qttef agflicatiQi^^^ the treatoeot is 

event and initiate neuronal and therefore fUnctioaial rehab^^^ 

Blocidng of n^e transmission m SPG or in related neuxal tra^ is used U 
5 accordanee with some preferred embodiments of the present iflysaition to Ire^ or prevent 
inigraine headaches. 

There is therefore provided, in accordance With a ptfi^^ embodiment of the 
present invention, qpparattis f or tnodifytog a property of a brain of a patient,^ inobidiiig: 

pm or more electrodes, adapted to be appliBd to a site selected froin a grtmp of 
m consisting of: ^ sphe^cs^alatine gangjion (SPG) of the patient and a newal tract 

originating in or leading to the SPGj aiid 

a control unit, adapted to drive the one or more eleqtrodes to apply a cnrrent to lie 
site capable of indudng an increase in permeability of a blood-brain barrier (BBB) of the 
patienL 

IS There is also provided, in accordance with a preferred embodiment of the present 

invention, apparatus for modifying a properQr of a brain of a patienE, inchiding: 

pm or moTt elecftodes* ad^^ to be applied to a site selected firom a group of 
sites consisting ofr a sphOTC^ala^ gangllcm {SfO) of the p^ient and a neural tract 
origihitting in p? leading to the SPGj and 
20 a jmtrql^ to tfcive the oiie or piore dectrodes^to^ a cu^reiil: to the 

sate capable of indndng a^ increase in cjercl^rfid ^^Ipod flew of tiie pa*iOTt.^ 

There is further provided^ in accordance with a preferred embodiment 6f the 
present invention, apparatus fb rnodi^irxg aproperty of a brain of apatMfe includh^ 

one or more electrodes, adapted to be applied to a site selected firom a group of 
25 sites consisting of: a sphenopalatine ganglion (SPG) of the patient and a neural ixact 
Of iginating in or leading to the SPG; and 

a control unit, adapted to drive the one or more electrodes to apply a current to the 
site CE5>able of induci^^ decre^e in cerebral blood fl^w of the patient. 

There is stiML ifcrther provided;, in accordance with a prewired embodiment of the 
30 present invention, appstratus f^^^ modifying a proprty of a brain of a patient* including; 
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one or more electrodes, atdapefl tb l)<fe s^Hed to a site 3<deK5ted firom a group 6f 
sim eortsisttng qfi a spli^opaiato^ grogJipa (SPG) of the patfcrit md a nepral tract 
originating ia or leadiiig to tlie SPQ; aand 

a cqntrol unit, adapted to drive tte one or more eleetfodes the 
5 site Gapable of inhibitirig parasympathetic actiy^^ of the S?<3. 

Preferably, the one or more electrodes are adapted for a period of iiiaplantatipa in 
the patient greater Ehaii aboiit one mcmth. 

In a prefenfed embodtoteiit, the^^^j^ rdeiiid'es a wit^, adapted to connect the 
coiitrQi mil b the pn^ or mom pfectrpdes^ wfaereiii &e unit is adapted to dr^ 

10 one or mdre electrodes Mm si position external to the patieriL, 

AlfcmMivc^^ addadonajByp the cojQtrol unit is adapted to drive the pne or Biore 
eleetrodes hy wireless cdinmiihicatioij froria a posltiGii extetaai to th^ patiejrt* In a 
pi^rred ejddtbpdifl^ the apparatus niciu4es an €3ectroma^6tic couplit^^ aifetpted to 
couple th)e oonfirol iiiiit and the one or mom ^^^cteodes. All£iiiatSyeIy or jadditicmaliyj the 
15 cprriroi unit is adapted tp be in electKMsptical cooummicatioh With the 6n6 or jaioie 
electn)des- Burther altematiyely or additiohaC^ the cpntrpl imi is ajiaipted to be hj 
elcctro-aGousSc communication TOth the one or more electrodes. StiU further alternatively 
or additionadiy* t^^ ooiittol unit is a^ to be iintd^^ 

P refersWyi the one or :iU>re electrodes are acfe|>ted to M irnpiarrt t nm^l cavity 
2D of the patient iPor $mne appiiealic^j^^^a^ the one or more electrodes ineludeBt ^ 

flexible electrode, ^apted tbr iiisertk>n throt:^ a nQSitil of the piatient itnd to extend 
therefirppi to the site* 

The apparatus pfdferabiy includes at le^st one biosenspr, adapted to ineasuie a 
physiological parametef of the pMeiit and to generate a signal respphsi^ thereto- llie 
25 . control imit, in turn, fe preferably adapted to modi^ a parameter of fiie appUed cmitent 
ifeSponsive to the signals As apprppria the biosensor may iii<4tide one or more of the 
fotlpwmg: 

« a bipod flpw sensor. 

• a temperature sensor. 
30 * aMemieal sesnspr, 

* m nltrasoiind senspr. 

♦ transcranial Dppplet (TC^ apparatus* 
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« laser-® GpplBF ^ppftrstiiis. 

• a systemfe bloDd pressure season 

• an uittacrajiial btood pressu^ sensoi:^ 

• a detecting element adapted to be fixed to a <^rel>ral biQo4 yessel, and liytterak 

5 contrpl unit is adapted to artedy^ to det^c* an indkation of a Ciiai^ in Uood 

pressure indicalive cjff a d<it 

• a kinetics sensor (in this case, the control unit is typically adapted to malyw the 
signal to detect an indication of a change in body disposition of the patient), 

• an eJectroencephalographic (BEG) senior. 
10 • a blood vessel clot detector; 

In a preferred embodiment, the control unit is adapted to eonfigme die current so as to 
facilitate uptake of a drug through the BBB when the perjneability of the BBB is 
iiikqreased. 

Alteitia#^ ^dUionallj^ die control uni^ configure the current so as 

IS to increase a diameter cxf a blood vessd and aUow aix en^ tibtat is located at a site in the 
blood vessel tp^^m^ the sit© in the blood vessel. 

FurtJier dtem^tively or ad^kni^Uij^ the oanfti^ umt is adapted to drive tJie one or 
moi» eleetrodfes to apply the Curi^nt jrespK? to ali iti4i<^tipn pf stirpke. 

Still itkrthe^ alternatively or addifionaBy, the Control liidt is adapt^ to <^ or 
20 tnoife efcetmdes to apjdy the current reispcmsive to m%^ of migrame of the patjent. 

There is also provided, in accordance with a preferred einbodiineirt of the present 
invention, a method for inodi^ing a properly of a brain of a pati^^^ iixdudiiig: 

selecting a site from a group of sites consisting of: a spheiaopalaiiiie gangiion 
(SPG) of the patient a jieural tract origiQating in or leading to the SPQi and 
^ applying a crfl^eat to ttte sitae capafele of inAicihag an incres^e ifi peCTiea^ of a 

biood-bmih barrier (BBB) ctf the patient 

There is additidiially pjwided. In ac«:of to enibodiment of the 

ptesentinyention^ a meaiod fiiw: modifying a property of a brkitt Of a patitenti inehidtifl^ 

seiecting a $ite jfrom a group of site? coE^iistiEig of: a sphenbpalatme ganglim 
30 (SPC3) Of the patient and a neiiral Iract originating ii^^ pr leading tp the STG; and 
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applying a cuirejit to the site capable of mdudng ^ iiicsjceas& in csifebr^ 
of th6 patfent. 

Thera is yet additionally provided^ in accordance with a preferred embodiment of 
the pi^sent invention, a xaetto^ a jjroperty of a brain of a patient, indnding: 

5 selecfcing a site from a group of sites consisting ofi a sphenopalatine ganglion 

(SPC}) of th^ patient and a n^M originati^ or leading to the SPG; and 

applying a current to the capable bfindudtog a dccjea^e in cferebral blood flow 
<rf the p^^tient 

There is stilV additidfldiy pr^ in accordance with a: pt^ferred embodiniejit of 
10 the present inyention, a iiiethod Jot modiJ^g a properQr of i brain of a patient, indiiding: 

selecting a site fi-om a grcyiip of sites oonsisting of: a sphenopalatine ganglion 
(SP G) of the patient and a neural tract originating in or leading to the SPG; and 

applyi23^ a ourrent tp the site es^able of inh&i^^ of the 

15 For some appliGatians, the one or more eJectrOdes are adapted for a period of 

implaiittLtipn in the patient less thaxi about OBe we^k. 

irhere is fcftber prdyide4 m acqordamse -wiXk a preferred embodiment o£ the 
present invention^ vascidar apprntus^ indudin^ 

3: detecting dement^ ads^ted tc* b^ fixed to a blood vessel of a patient and to 
2Q gerierate a signal respdnsive tb energi^ corrdihg ftom th blood vessel; aiui 

a QGntrol unit, adapted to analyze the signal so as to determine an indication of an 
embolus in the blood vessel. 

Preferably, the detecting elemem inctodes an energy transmitter and an energy 
receiver, For example, the energy ^ansiinUer inay iiicihicje an ^itrasoimd traiismttter or a 
25 transmitter of etecb^agnetio^m^ 

There is yet fiiither provided, in aaxirdanee with a prefened e^ of the 

present :iiiyentioiv a; mi&Shod far detecting, including: 

fixing a dete(Stxhg ele^ Wood vessel of a patient; 

generate a signal responsive to energy csonaih the blood vessel; aiid 
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analyzing th& signal so bs jto 4et^rmiGe m indication of aii embolit$ m the blood 

vessel. 

The present invention will be more fully understood fiom the following detailed 
description of the preferred embodiments thexeof, taken together with the drawings, in 
3 which: 

Fig; t is at sdhepaatic pfc^ view of a MIy toidantable stimiilatDr & stimulatbn 
of th^ SPG> ih acedrdan<5ft a preferred embodim^yai^^o 

Fig. 2 is a schematic pictorial view of another stimulator ibr stitKttiiatioii q| the 
10 SPG, in aceo rdance with a preferred embodiiuent of the preseiit invention; 

Fig. 3 is a sCheitiatiG block diagt^ circqitry i^^^ tjhe stimulator 

sbpwtt iii Fig. with apreffe^d embodfioieiit of the pdnesent intveirt^ 

Fig. 4 is a schematic block diagram Hlustrating Girc^^^ for use with the stimulator 
shown in Rf* 2, in accordance with a preferred embodiment of the present hrmitiort; 

iS Figs. 5A and SB are scheiimtic iilust^^ dse^i^it&ig; qperati;Qii 

(pf 5touIatQis siiGh as ikm showu in Kgs. 1 and 2, in acGOrdtasce with preferred 
eittbodiitoert £s of the present inv^n tioii; 

Fig. 6 is a schematic Uliistration of a mode of operatiort of the stiiiiuWtors shown in 
Figs. 1 and 2, synchronized with a drug deliyery system, in aceOi^suace with t prefbrted 
20 embodiment of the present invention; 

Fig, 7 is a schematic block diagram iUnstrating circnitry f or ti$e vdth t^^^ 
shown in Hg, 1^ t^v^Ttexe the stimnlatpr is driyen by an eactemal controUef ahd energy source 
usiiig a mbdu^^^ a demodulate in accordtocfe with a preferred embodiiaent of the 

ptesei]kt invention; 

23 Fig, 8 depicts sample inothilatpr and demodulator fujlGtions tpt ^ase m% the 

drcuitry of Fig. 7, in accordant wifli a emt?pdirtieaat of ttie presMt 
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Figs. % lOA, mi WB m seIiBiiiat3p circiutay for use 

with implantable stmulatorSji m accprdarK^ witli respftcliv© pref eired embodimenis Of flife 
present iiivei^ 

Figs. 11 and 12 are bar graplis siiowing experimental data coll^cted^^^m 
5 mUk a preferred fembodimeiU^G pre$eiit iii^rentioi^ aiid 

Wig. 3:3 i$ g s<xbenmtic illitstrerftoa of sensor ipr a|>gi|lcaticwi to a blood vessel, in 
acxiordance with a preferred embodiment of the present inve 

DETAILED DESCEimON OF THE 

Fig. 1 is a SGhematic pictorial view of a fully-implantabie stimalator 4, for 
10 stimulation of the sph&nppalatine ganglion (SPG) 6 or other parasyn:^athetic site of a 
patient, in aecordanGe with a prsferred embodiments of the present invention. In Fig. 1, a 
huinan nasal cavity 2 is and stinattlator 4 is iHi{danted ac^acsa^^ 

of patasynipath^tiG nem^ coming frdtn SPG 6 extend^^t cerebral and smtenor 

q^rebral arteries {tiot shown). Preferably, one or more relatively short electrodes 7 extend 
15 ftota stiibtilatof 4 to contact or tb be in a vidnily Of SPG 6 or of iimcS ir^ 
(e.g.^ postgajigUbnio paraw^ trnnks thereof). 

For sonie applications, stimulator 4 is implanted on top of the bony palate, in the 
battoin of the nasal cavity. Altemadvely or additiorLaJly, the stimulator is irQp]toted at the 
lower side of the bony palate, at the top of the oral eavity. In this instance, one or more 
2tG flexible electrodes 7 originating in the stimulator are passed through the palatine bone or 
posterior to the soft palate^ so as to be in a position to stimulate the SPG or its 
parasympathetic tracts. Further alternatively or additionaliyj the stimulator rxiay be 
directly attached to the SPG and/or to its postgarj^tio^^ P^rasy^ 

For some appIicEUions, stlndulator 4 is delivered to ^ desired point within nas^ 
25 caivity 2 by rtn^ attaplm^ 4 to the distal rigid or stightjhjr fle^ 

jntmduoer rod (not shovi^) and in^^tting the rod into bite of the patient's nasml passa^s 
until the stamdator is pro^^ positioned. As appropriate^ the placement process may be 
faoiUtated by ftoor^ ficte OTdoscopic snigiSHry {PES) te^chnigues or by 

any Other effeoiSve giiidanoe metliod known in flie ait, -ot by oombtoatioiis of the 
30 afbreanentJotied* pr^rab]^, Uie ^stibi^t temperature and/or cerebral blood flow is 
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nieasured coBCuriently with insertidji. The cerebral Umd flow may be measmed vW^ 
example, a hstx Sopfiier mat posMoned at the p^tieot5s ox Eranscranial Dc^er 

measurements. Verffication of proper implantatidii of the elebfiddes mto the ap^ 
tiBurai strac^ may be peiftjnned by activating the device^ and ^ppmlly simuttaneously 
5 monitoring eerebml blood flow. 

The passage of certain molecules from cerebral blood vessels into the brain is 
hindered by the BBB. The endotheHum of the capillaries, the plasma membrane of the 
blood vessels, and the foot processes of the astrocytes all impede uptake by the brain of 
the molecules. The BBB generally allows only small molecules (e.g,, hydrophilic 
10 molectiles of molecular weight less than about 200 Da, and lipophilic meaecirteS ; of less 
than about 500 Da) to pass from the ciraiiation into the brainv 

M at^brdattce with a prefe^n^d eiiibbdimeat of the preserA imreatipn^ 
p^rasympa&etio acftjvatipn i^dixced by eaaarrmtfr^^^ stimiiJ^^tor 4 overcome^ xesistansSe 
to triaiJis-'B^^B molecular mov^ent generated by the endothelium of Uie cerebral 
15 capill^es and the plasma n^mbii^nis, Kbr soaie appKcattpns> tterefbre, stimulator 4 may 
be used to transieni^ iMa^o^^ a substantial pbstssi^ the passage of drugs from the blood 
to the bmin. For ess^ample^ the stimulator may cydically apply current for about two 
minutfts, and subsieque^^ a rest period of betw^ 20 minutes. 

It is hypothesized that two neufotmn^^ play an iniportaint role in fifctfe <ihange 
20 in prpperties of the BBB — yasoactiye intestmal polypeptide (VIPJ and ttitric oxide (NO). 
(Acetylcholine may be irivpJved.) VJP is a short pepticie* ^d JNfO is a g?;§eQUs 
molecuie. VIP is believed tq be a major factor m fatalitating plasma protein extrayasatipn 
(PHE) j while NO is responsible for va$Qdilatipn* For some ^ippUeation^^ stimulator 4 is 
adapted to Viary pa^"ameters of the e^iiient applied to the SPQ, as apprbpriatBi in ptder to 
25 seleqtiyely influence the activity of one or both of thesie neurotran^s^^ example, 
stUnuta(ion of the p&rasympathet^^^ nerve at different ftequencS^ can iftduce ^g#erential 
secretidn low freq^tieiides cause (Secretion of NO, while Mgh ftequenc^ieis (e*g^^^^ afepve 
about 10 H20 cswse secretion of pep (VEE^. 

For other applications, a Gonstant level DC signal, or a slowly varying voltage 
30 ramp is applied, in order to block pafasympathetic nem-al activity in affected tissue, 
AJlternatively> siinilar results can be obtained by stimulating at a rate hjghea: than about 10 
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Kz, feeqau)^ this tBnds to Kxfaaust fi^su^ iSiu^i stSmiil^ be cdMSgiiredt 

to induce parssy3iiii>at&&tic e^Ie^tdoal Woefc m otder to mnsp vaspGOBsMctipa by 
mimickiilg the pvefall effeet of cheamc^ block (sn tlie SPG, Tim vaso^^iisfiact^ effect 
may be used, for example, to cdatiollably prevent or leverse the fonnation of niijgjaiaes 
5 headaches. This techiiique of eleptrical treiajWj&iit ms^mx^s stands in contrast to 
methods of the prior art* in which phaimacdlpgtc^l ageaits suoix as Iidpcatoe mt lisei to 
induce SPG bio^j£» 

Fig. 2 is a schematic iliustration of a stixnulator coatrpi umt 8 positioned exteiii^ 
to a patient's body^ m accordance with a preferred mtbodiment of the prese^dt iiiveitfioijL* 
XO At feast one flexribte ftec^ 10 prefeitbly extoidis fmni cdutrol mxiM^ fhrqugh a npsirii 
12 of the patient, and to a posfticoci wtthui the nasal ca^ty M^ is adiaceiit to SP0 6. 

It 1$ to be iinder&tpod that eiecfacodi?iS 7 pig. I) and 10 laay each comprise one or 
inore electrode, e.g,, tv/d feled:rode^, c* an^ay of imc*oele Fm applies 

which stiinul^pr 4 ppni|>ii^ ^ metal housing tb^tt can function as an electrode^ then 
15 tyipoCaUy Phe electrode 7 is used, operating in a monopolar mode. Regardless of the total 
nnmbef of electrodes in use, typically only a single or a double eieetrode extends to SPG 
6. Other electrodes 7 or 10 or a metal bousing of stimulator 4 sw^ prefcrably teinpomtUy or 
permanently implanted in contact with othei^ parts of nassd cavitj/^ 2. 

Each pf eledr^ aud/or 10 j^ceferably ooonp^ises a suitable eondUPtive xnatexial, 
20 for ekataple, a physipIogjcaUy-accep^ materiial such as silyer^ iridium, platintmii a 
platinmn Indium alloy, tUanhjm, nitinpl, or a mdcel-chrame^^s^ Ppfr sicandie 
one or mote of the dectmdes tengths ranging from abofttt 1 t^Smnr md Mm^oms 
rangfeg; firpm about 50 to 100 nSicrpna. Eaidbi ^e^ode 15 preferably insulted with a 
physiologlcally-'acceptable mateiiy such as pbjyethjde^^ pQiytit^aiianBj or a x^-polym^fer 
25 of either of these. The eleGtrodes are preferably spiral in shape^ for better contact, arid may 
have a hpoife shaped distal end fpr hooking into or nesir the SPG* Alternatively or 
additipnally, tte eiectrPdes may cdmpiise simpte w^e electrpdef?, springJo^ded 
crPcbdile^ electrodesy or adhesSive probes, as stpprPpiSate* 

In a preferred embodinient of the invention, each one of electrodes 7 and/or 10. 
30 comprises a substantially smooth surfece, except that the distal end of each such electrode 
is configured or treated to have a large smf ace area, Ear exatiiple, tfle distaT tip may be 
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porous platinized. Alternatively or a0itimaJ^ least the tip of ei&ctrpd& 7 or 10> anci/or 
a metal housing Gf stimulator 4 incitides a coating con^prismg^ a^ aiiti-Mlammatory clrus 
mch, as beelomethasone soditim phosphate or beclomethasone phospiiat^^ jpt^natively, 
siic^m antMnflainmatory dnigMiiifeeted or (Jtheiro 

5 Fig- 3 is a< sch^^tte to diapam liliistxa^g circuitry coinprfciiig an implanted 

unit 20 ind an ^^cternat inut 30, for use ^ith stimulator 4 (Fig. 1), lii acrardance \vS^^^^ 
preferred CTibadiment of the present invention. Implanted nn^ preferably coniprxses a 
feedbadk bidck 22 and one or riloj^ sensiing or signal appKcatibn electrodes !24. &n|>lan 
unit 20 typically also conjprises pa, flectrpmagnetic coupler 26, which receives power 
IQ and/pr seiwis or receives data signals to or frdisi electrc>ni^^ coupler 28 in ext&tmi 
iinitSO. 

External unit 30 preferably Gomprises a inieroprocessor 32 which receives an 
external control signal 34 (e.g., from a physiciaii or from the patient), and a feedbaofc 
signal 36 from feedback block 22. Control signal 34 may include^ fer example, 

15 operational parameters such as a schedule of operation, patient parameters such as the 
patient's weight, or signal parameters^ such as desired frequencies or amplitudes of a 
signal to be applied to the SPG, If appropriate, control signal 34 can comprise an 
emergency override signal^ entered by the patient or a healthcare provider to terminate 
stimulation or to inodify it in accordance with a predetermined program. Microprocessor 

2D 32, in turn, preferably processes control signal 34 and feedback signal 36 so as to 
determine one or more parameters of the electric current to be applied through electrodes 
24* Responsive to this determination, microprocessor 32 typically generates an 
electromagnetic control signal 42 that is conveyed by eleGtromagnetic coupler 28 to 
el eotroniagnetic coupler 26 . Control signal 42 preferably corresponds to a desired current 

25 or voltage to be applied by electrodes 24 to SPG 6, and, in a preferred erubodiment^ 
inductively drives the electrodes, The GOnfiguration of cotaplers 26 and 28 and/or other 
circiuitry in units 20 or 30 may detemrine intensity, frequency^ shape, monophasic or 
bipha^ic mpdpj ox DC offset ctf the signal (e^g.^ a seifes of inifeesj^ applied to de;^ 
tissue. 

30 Power for microprocessor 32 is tj^ically supplied by a battery 44 or, optionally, 

another DC power supply. Grounding is provided by battery 44 or a separate ground 46. 
if apprpprijatei iniprQprocesspr 32 generates a display signal 38 tb^t drives a display block 
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40 of cxtcpai unit 30, T^q^iiy^ but BOt iiecessaribf, the disfplay is activated to sBcrtv^ 
feedbacai:; data generateiii by feedback; Mock 22^ or to provide a user mterfiaoe fesr Hie 
external unit 

Imlilaiited unit is preferably packaged in a case liaads of titanhmiy platinimi or 
5 an epojcy or other suitable biocompatible niateriaL Should the case be made of metal, then 
the case may serve as abound electrode and, th&reft>ri^ stii3iulatiou typically:^ 
in a monopolar inode. Alternatively, should the case be inade of biocompatible plastic 
material, twOjdectmdes 24 typically driven to apply etirreiit to the S3PG. 

For some applicationsi^ the waveform appUed by one or mote of electtodes M to 
W designated fis^w (e.g., liie SPGJ epui^tises a wavefbttu with an exppneBd:iai decsag^j a rarap 
up or dptwa, a square wave, a sihusoid, a saw tobllh, a DC OouatpohM?^^ aiQr other shape 
Imowa irt th^ M to be suitable fbr appHcatiOia to tissue;. Alteru^ or additaouaHy, the 
waveforni ccfciiiprisfe one bir more bursts of Short shaped oiT square pulses — each pulse 
preferably less than about 1 tns in du^iatipu. Oeiierally, appropriate waveforms and 
15 parairieters ijiBreOf are detcnnined duiiag m inMsl test period pi estternal tpit 30 arid 
implanted unit 20. For some appUcalipp;, the wayefoim is dj^namieally updated accMJrding 
Ip 2ne^$U]isd pbysiplpglGusl paraix^terSj ineasuftNi diuing a period in which uuit 20 jB 
stiinuladjig the SPQ, and/or duniig a non^ctivation (^^.^ standby) period. 

In the ease of migraine treatment, the waveform may take the form of a slowly 
20 varying shape, such as a slow saw tpoth^ or a constant DG level, intended to block 
Qutgoing parasympathetic messaging. 

i 

Fig. 4 is a schematic block diagraru of circuitry for use, for exaitiple, in 
cxMytipctiGii with c;»ttEroI uiiit 8 (Hg. % 9PcprdaiK?e embodiment of the 

preseut invention. An external unit 50 comprises a microproce^sPr 52 supplied by a 

25 battery 54 or auptlier Bd power spiwee, Gr puiidrng may be provided by battery 54 pr by a 
separate ground 56. MicropiPOCfeSSor 52 preferably receives ediitrol and feedback sigpafe 
58 and 68 (analogous to signal 34 and 36 desaftied h^i^nabove), and generates 
responsive thereto a stimulation signal 64 conveyed by one or more electrodes 66 to the 
SPG or other tissue. Typically, but not necessarily, feedbadfc signal 68 comprises 

30 electrical feedback measured by one or more of electrodes 66 and/or feedback &om other 
sensors on or in the patient's brain or els^heie coupl$«l to the patient's bodyi If 
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apptdpriate, microprocessor 52 geiemes i tiSiiptey sigaid 60 wliiGh drives a displ?^ 

M to mlpnt relfiivant data to the pitieiit oi: thp pati^jat's; physfc^ T^ically, some or all 

of (jlectrod^s 66 are to^mpsir^t^^ ps^eiit <«^g.^ foUcMng a sUok^%m 

S Fig. 5 A is a graph schematically illustrating a mode of operation of one or more of 

the devices shown in Figs. 1-45 in accordance with a preferred embodmient of the present 
invention. Preferably, the effect of the applied stiirmlation is monitored by means of a 
temperature transducer at the SPG or elsewhere in the head, e.g., in the nasal eavity. As 
shown in Fig. 5 A fox a step (QN/OFF) mode of siimuiatiGn, stimulation of the SPO or 

10 related tissue is initiated at a time Tl, and this is reflected by a measurable rise in 
temperature (due to increased blood flow), Onee the temperature ii^s^fe 
or dynamically- varying threshold {e.g., 37 ^C), stimniation is terminated (time T2), 
responsive to which the temperature falls. As appropriate, wheii the temperature drops to 
a designated or dynamically^deteimined point, the stimulation is reinitiated (tiitie T3). 

15 Preferably, suitable temperatures or other physiological parameters are determined for 
each patient so as to provide the optimal treatment. If appropriate, control instiuctioiis 
may also be received frqm the patienit^ e.g.i to initiate stimulattbn upon the onset of a 
moraine headaitihe. 

Fig* SB is a gmph schematically illustrating a mode of OperaMoii of one or more of 
the deyipB$ shown : in Figs> 1-^!?^ m aqcordanc^ with another embodiment of the 

pirtisent in^^ Iil this embodiiiient, the ainplituife of the waveform^ to the SHS 

is varied^among a contirmous set of valiues (S 1), or a discrete set of values P2), responsive 
to the measured temperature^ in order to achieve the dcaired perfcrmanpe. It will be 
appreciated that other feedback parameters measured in the head (e.g., intracranial 
25 pressure and/or cerebral blood flow)^ as well as jiieasured systerrdc parameters (e.g., heart 
rate) and subjective patient inputs (e.g., migraine pain =^ 3/5) may be used in conjunction 
with or separately firom temperature measurements, in ord^r to achieve generally optimal 
petfOTmance of the implanted apparatus, 

fig, 6 is a grapfii $6hematieaily fflUistratiog a inode of opej:a±^ qi one or more of 
30 the devices shown in Figs. 1-4, in aeeordanee with a preferred embCKiiment of tiie pa^sent 
inwntipw. In ttns embQdme?i| a d tj;^ patient at a constant rate^ e.gv, 

iiitrsiYenously, prior to tlie imtiatioit of stinmlatioii of the SPG at time Tl. 

IS 



Adi/aa^gepuslyj this pript generatiGii of fi^ghtenect eoncentratloiis of the driig in the 
blo6d tfends m jprovide relatively rapid transfer of the drug across the BBB and into the 
brain, witfKiiut umieee$sarily j^rolonging the enhanced pemiMi'iJity M jQie MBB while 
waiting for the blood concentration of the dnig^ to reach to appropriate level, 
5 Aifesniatiy^i^ for soiirie ?ipjjlicai^ desarable to give a mgli^ in|e?Jticwi of a: hiDkis of 

thcs drug shortly before or after mitiation of stJijanlation of the SBCJ. Typcally, conrfimetil 
admi^^teatipn tod stimulatiba schedules axe detcmirifiKi i>j the patitot's physKdan based 
oil the bic^chemiCal propertiBS of each dmg^ t^^ the brain^ 

Kg. 7 is a SGhematiG block diagram showing circuitry for pai^ympathetic 
id stimulation, ^^*dbfa is pailleiilaily useful in combination with th& embodiment shown in 
Big. 1, in acGordanGc with a prefer^ed^^ the jxresent iiivei? e^Ktepial 

unit 80 preferably a Mc^pi^ices^i: 82 that is povraod by a balteiy 84 and/dr 

an AC power source. Microprpcesisor 82 is groundeid; through battery 84 or through an 
Qptional groutui 

is In SL typical mode of operation, an external control s^al 88 is input to 

microprocessor 82, along with a feedbacdk: signal 108 from one or more biosensors 106, 
which aire tj^ disposed in a vicinity of an inaplanted unit 100 or elsewhere on or in 
the patient's body. Responsive to signals 88 and 108, naicroprocessor 82 preferably 
generates a display signal 89 vi^hich drives a display 90, as described hereinabove. In 

20 addition, microprocessor 82 preferably processes external control signal 88 and fbedback 
signal 108, to determine parameters of an output signal 92, which is modulated by a 
modulator 94, The output tiaere&om preferably drives a current through an 
electroniagnetiG coupler 96, which inductively drives an eiectroniagnetiG coupler 98 of 
implanted unit 100. A demodulator 102, coupled to electromagnetic coupler 98, in turn, 

23 generates a signal 103 which drives at least one electrode 10| to apply current to the SPO 
or to other tissue, as appropiiate. 

fr^fttMyt biosensor 106 comprises htg^Iaiiiable or extenial jnbdical appamtyus 
induding^ for Mtoiple^^ one or more of the JbUowing: 

^. a blood flow sensory 

3Q • a temperature sensor, 

• a Ghemical censor, 
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• aii tiltraspim 

• transcranial Doppler (T^ 

• ]a$er-Doppier apjja^^ 

• a Systemic m. ijiEr^crantjal blodd pres$ur& seiiispr (e*g., conil^n^ a pi&zm^^ 

5 Grystal fixe^i to a major cerebri biood vessel, capable of detecting a soiddeii blood 

pwresstu^ increase indklative of a oio% 

• a Bnetics sensor, a>i»tprising, for <^3£ample^ m accel^r?iiSon, velocity^ or level sensor 
(e.g;, a inerGury switda)^ for indiicaiSng body disposkfen^ such as a suddtea diange in 
body attftude (as in collapsing), 

IQ an electroeneepMographic (EEG) sensor comprising EEG electrodes attached to, or 

implanted in, the patients head, for indicating changes in jieurologiGal patterns, such 
as symptoms of stroke or migraine, 

• a blood vessel clot detector (fe.g^ a$ described h&i^iiitoeiGW^^w^ to Fig. 13^ 
or 

IS » Qttier natcMidtors pf ph^^ qtiatitities siiitable fot cariying out the ot^cats oj tMs 

or dtheJT emb0dihaent$ of the priiseht invent 

Fig* 8 is a schematic illustration showing operational modes of modulator 94 
mdfct demodiilatpf 102, in ac«?ordaace with a prefcixed tmfeddiment of the present 
invention. Th^ amplitude and frequency of signal 92 in Fig* 7 can have certain vtiiues, as 
20 represented Jm fibe left graph; however, the^ iajt^lihide and jB^equeacy modt^ated so ibat 
signal 103 has diKerfeiU cbw 

Fig. 9 is a schematic illustration of further apparatus for stimulation of the SPGj in 
accordance with a preferred embodiment of the present invention. In this embodiment^ 
substantially all of the processing and signal generation is performed by circuitry in an 

25 implanted unit 110 in the patieitt, and^ preferably, eoinmunication mth a co^ 122 in 
an extenial unit 111 is pejfoOTed only intennitten%^ The irnplarited unit 110 prefBrafely 
CGmpri$e$ a microprocessor 112 coipipled to a battery 114. Microprocessof 112 gyrates a 
signal 116 tray pis along at feast erne elech¥># 118 to stteulate the SI^* A fNdfeadc 
signal 120 firom a biosenisor (not shown) ajid^r ficsda elecirad^ 118 is reoeiyeid hy 

30 microprocessor 112, which m adapted to modify stiEnuIadon parameters responsive 
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thereto, Preferably, mibrdprDGesisor H2 and eon^oller 122 are pj^rative to commTOicate 
vk rtectro^agnetiq eoupiefis 126 ami 124^ ii order to exsjfaange data or to dlaqoge 
parameters. Fiittiier preferably, battery 114 is toduetively reciiargeabfo by 
eled;roniagjietie cpiipling, 

5 :Hg, lOA is a schematie illnstratiorL of a stiimilator 150^ in accordance with a 

preferred embodirnertt of the present iavention. Preferably, substantially ail of the 
eieetit«xic coiiipOGents (mciuding an eleetronie circuit 158 having a rechargeable energy 
source) are eiic^siilated in a biocompatible metal case 154, M inductive coil 156 and at 
least one electrode 162 are preferably cotipled to circuit 1S8 by means of a fecd^through 
10 coiipliiig 100. The indijctiye poil is pri^fisi^ an epoxy coating 152, which 

allows for higher efiScienGj pf the efecSjomagnetfc coupling. 

Fig, lOB is a schematic illustration 6t another oMfiguiatipn of an implEwitable 
stimulator, in accordance with a preferred embodiment of the present invention. 
Preferably, substantially all of the electronic components (including an inductrv^e coil 176 
15 and an electronic circuit 178 having a rechargeable energy source) are^^ e^ in a 

biQeompatibie metal case 174. One or more feed-throughs are preferably provided to 
enable coupling between at least one electrode 182 and the eJectroruc drcuit^ as well as 
between inductive coil 176 and another inductive coil (not shown) in communication 
therewith. 

2Q Wi^ xs^Smmm to Hg^. IpA and lOB, the eni^ so eieetmnic cireuits 1S8 

tod 178 may coiijprige, lor example, a prhnairy battels^ a r baffltecy, or a super 

Gapacitor, For ap^jiicatipns in Which a rejfdiar^abie battery ox si super capadtor is Used, 
any kind of TOcrgiziQg mera^ be used to charge the energy source, sueh as (but not 
limited to) Standard means for inductive chai^ a miniature elediromeichMical 

25 converter that cpnyerts the Idnetics of the patient mov^meiat iiito electrical charp. 
Alternadyely, aii external light source (e,g., a araple IM>^ a lasear diode^ or w other Ught 
source) may be directed at a photpvedtaic cell in ihe efeotroiiiiE^ orctrtt Further 
alternativeiy, uiti^ouiicl energy is; ditected Oiitq the migdanted unit, and trsgptsdiaced to 
drive battel chstrpag means. 

$0 Figs. 11 and 12 are bar graphs showing experimental results obtained during rat 

experiments performed in accordauce with a preferred embodiment of the present 
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ijiYenE[0n^ 4 eptninoa tecimiq^e lit mcttjitoriiig biq-^istnbuticai of maimals m a system 
ill elu d es monitoring the presence and le^^ of ;ra<Jip-Iabe4ed tr acers. TFliese trace?^ are 
unstable isGtopes of common elements 0^,g., Tg, to, Cf, Ga^ md Gc^, coiijn^aLt&ii to tascgfet 
materials/The chemical properties of the tracer are; used as a predMor Jar the be^^ 
5 other materials with siniiiar physiodiedn<jaI prc5>erties^ aiid are selected h^sed on the 
particular biologieal mechanisms that are being waJia^ed, TypmBjfy a patiept or 
expefimental aaimal is placed on a Gamma camera^ or targett tisstie ^ailapl^ fsaa be 
harvested and piaeed separately into a well counter. For the puipose of the present set of 
experiments which were performed, the iwll cQtoter method^ m to its higher 

10 sensitivity and spatial resolution. A series of experiments nsing 99Tp-I)TPA (DTPA 
molecule conjugated to a 99-TechEietium isotope) were periSoixned. The molecular weight 
of 99TC-DTPA is 458 Da, its lipophilicity is negative, and its electric ebarge is +1. These 
parameters are quite sinrdlar with pharmacological agents used in standard chemotherapy, 
such as tamoxifen, etoposide and irinptecaii* 

IS Figs, 11 and 12 show results obtained u$mg 0'I>-tDTP penerfxatkip asisays iising 

ordinary brain ?samplin|; te^ (Fig^ 11) and p^led bredn tediniqiies (Fig. 12). The 

x-^is of emai ls aSBpKsseiits diffisrent and the y^^jcis of is 

defined as: [(^temisphere radio^ptiyii^ / <^einisphere ^sveight^ / |Xto*al iigccted 
radioactrfc^ty) 7 (total animal weigbt)]* The results obtained demonstote an ay^5rage 2.$^ 

20 aid m<^ase in tfte penej^^ is noted that the^ i^ssults 

were obtained by umaateral SfimutatilQn of the SE'Q. Th^ inventors believe that feilaiasM 
SPCj sdmulaiaon wia appipxin^iy doubted diiig peaietf ation, relz^e lii^aterid SPG 

:Si&njl£lti)OEL 

In both Fig. 11 and Fig, 12, some animals were designated as control animalSj^ and 
25 other animals were designated as test animals. In each groiip, the left and right 
hemispheres were fasted separately^ and the height of each bar representSj for a given 
animal and a grvea hemisphere, th^ nca^^Sim ieyet of radioactivity as defined aboviEi. 
Thus, F^. 11 shews results l&onx a total of fonr test hemisjtfieres and four control 
hemispheTes, Fig, 12 shows tesults ftom sax test hemispheres fbuiteen amtrot 
30 henjispheres- The Juxtapositjon of contrqi and test bistis th$ barjp^te is not niemt to 
imply pateiiig of testhi5im% 



PCT/IL01/a0402 



Hj^ 11 is a scfe^atie ilfostr^ti^ pt aqoxistic optical clot detectidn apjiaratus 
202, for use, Jor ctxiainple, in proyidiug jEfeedback to my of fite iniisrQpipceSsoi^ Or othm 
circuitry d?^^^^ lierein$l?ovej & Aep^ witlx a iJiBlemd embodiment of the present 
Invention. The detection is pteitei^ly perfd^m 200 
5 tUt mternial carotici arteiy or aprta) a detecfipg ejeraeat comprising an acoiistic or 

optical transniitter/receiiyer ^6, and an optionai refleeting snrface 204. Natural 
pSysioipgical iiqaids may jserye a$ a mediating auid between tjie device and the vessel. 
Pieferablyj the trMSmittei/reoeiVKr generates m ultrasound signal or el^ctroinagnetic 
signal which is refiected and returned^ and a processor evalnates chaaiges^^m the returned 

10 signal to detect indications of a newly-present dot. Altemativelyj a transmitter is placed 
on side pf tile vessel and a receiver i$ placed on the other side of the vesselv In either ease, 
for some applications^ n^ore than one such apparatus 202 are placed on the vessel, in order 
to improve the probability of successful clot detection for possible estimation of the dot ^ 
directiori of motion within the vessel, and to lower the false aiaitn (i,e. feise detection) 

15 rate. 

E)M>^^ of fltte prf^eiit invention hawe inany isietUcaJ appHcatioji^. Bor 
e^atnple, <iai0tiK)therai>ei^^^ need to pa^s itrto cerebrsfl tissue in order &J ti»at brain 

tumops. Most of (fe^^c^^ 3Enc^cal£ur weights of 200^1200 Da, and 

thus their transport throtigji the hlood-braih barrier (BBB) is highly restricted' To 

20 overcome the impedance pf tbo BB!@, intracarotid^^i^ of high t^mottc load 

bcsen iJSed in thei prior in order to opea the tight Jimctidhs of Bie BBB for a y^y short 
period (e*&> 25 minutes), during which the medicettioiis are givm* Tiii^ p»3Cedtu:e is not 
sitftple— it i$ invasiyey rekj^u^ ahesthesk^ reqipires subseq^^ intiecisjve care, and 

is in any case relatively expensive. For these rea$Qr^> such intracarotid mfusidns are i^ed 

25 only m very few hcsBilthcfiu-e ftcilttieSi wen tbou^ sprne n^orts claim siibstanfial 
imprpyerhent i3& Hf^ in patients recwvingchemotherapiy i^ tlus manner 

Preferably, embodiments of the present invention which facilitate increased trans- 
BBB drug delivery, and Qierefpje more efOcient chemotherapy, also enf^le a rediictioii cnt 
elimtaatipn of the ior radiOtlK^ap^ U is npted thstf sndi iiradiafion the brain is 
30 indicated in the Iiteratore to be a s^gni&caiit cause of long-term cognifiye aad other 
deficits. 
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The bptm delivery of toi^, m provided m aeeordaflce with b. pmferted 
entbodiment of (kt present invention, is also a ^ctcjr jbi the treated of otIi$r disorders^ 
mdh m Paridnson^ cHsea^ei ^Mkm^x's disease, ajjd oSier iieurdlQgical diseases* Vm 
some applicatfeiis, the tra^^ Of vMipus gcpwfih fe^^ i$ fapaitated using 

5 technigues deseribed hereiii. GMWtli factoiis are typically laige molecules that stimuiate. 
the growth of iieiirons, aiid may be tised to treat degeneratrvs disorders, sudi as 
Paridnson*s dis^ disease^ and Motor i^mon Di^^ Lou Gehrigfe 

disease). 

Another preferred application of the preseiit isjvenlJon indudes fecilitaJing drtig 
10 delivery across the BBB k ordtet to tteiit ftiflaiiiTTiat^ in the brm, e g., tot cases of 
inlfectiows diseases of the brain lia ta Smilaijy, medical to 

treat AIDS may be indi© effect^^ admiiii^j^ to sites in the braiti Qsroi!^ th^^ 
' when appropriate^ through the use of methods and apparatus deisdiibed herein, A farther 
application of some embpdtoeiits of the preset invention incliidc^ the de^eiy ihrough 
15 the BBS of viruses that are agents of gene therapy (e^g^, for ti^aling I^ajldn&OE^s di$easei). 
Siniilaily desmbed herein naay be tised fb: rnetaibolic disprdei:? of 

the brain^ such as Glsl2 gangHpsidosis* 

Another aspect of some preferred embodiments of the invention relates to the 
modulation of cerebral blood flow Scugfaly 750,000 Americans sufjter strokes each year. 

20 Stroke is the United States' third leading cause of death, killing about 160,000 Americans 
every year. More than 3 million people in the Uhited States have survived strokes, of 
whom more than 2 million suffer crippling paralysis^ speech loss and lapses of mernory* 
About 85% of strolls are isefaemie, i.e.* a blood vessel is occluded and its territory is 
deprived of oxygen supply. A cerebral region that is totally deprived of blood supply is 

25 surrounded by a second Tegion of partial lack of supply^ whose vitality is at risk. This 
second region is one of the main targets of some embodiments of the invention — 
stimulatiGn of the SPG will dilate its vessels and significantly improve that region's 
iikeliliood of sujrviyaL If the intervention is giveli early enough in the eveirf ^Je.g., a feir 
hotjiK pcjst-st^oke)^^^ might help also the core region of the stroke^ as the throinbiti^ is iipt 

30 yet organized, and dilation of |he vessels may reintrodude blodd isupply to the tisSxiep 
Aitern^elyi SPC3 stuiiul^g^ m^ the dtot lb mpve^^ft a big vessel to a small 
vessi&l, and thus deprive blood supply only frorn a nauch smail^ yoiurne of th& brsm 
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Ovhfeh would, m my case, have probably been cteprived of blood supply had the dot 
remained in place); 



Popttlation-base?| sfmjies ha\ffe shown that abo^t 5% of men and 16% of women 
sufjer migi?uiie att^^ Qveir 80% of these people some degree of headacbe-related 
5 disability. Parasympathetic block (iii <^txa^t to istiraiilation) is known to cause 
vaspponsMc^ioa^^ present invejition uses elecladcal meaiis to indUiGe 

Uje vasocoastriGtiye effect and treat ni^raiDe. For Sample, it may iise techBiques to block 
riefye missagiiig; $ti<ai as applying a ^^s^ or m some cases^ a constant 

level BCJ voltage^ 

IQ Aizlieitner's disease is bectiauiig a maiox soiorce of disabiiiiy and Bnaticial load 

with the increase in life expectancy. In recent years, vascular fectoirs Im^ coMwieted 
prominent in the pathophysiology of the disease. Current feerapy is generally concentrated 
along one line - cholinomimetic medications, which can^ at tiiost, slow down the 
deteriGratipn of cognitive function in patients> SPG stimulation, as provided in accordance 

15 with a preferred embodiment of the present invention^ is believed to inc^ase blood flow 
and oxygen supply to the brain, and therefore help these patients. For this use, pennameat 
stimulators may be implanted in the neisal cavity, for ^1 stimnlatioa. 

It will be appreciated by perspjis sMU^^ 3n jSie art tjiat the present tovehtion is not 
limited tp What irns been partieularly shown aiid de^earibed herc^inafaove. RaHiex, the scope 

20 of the present iiivchtion includes both eombiiiatioiis and subixxmbi^iati^ of the yarioiis 
features described herehmbo^^, as welt ^ variations ahd modjjacatibaS their^ not 
in the prior art, whidi would occur to persons sfeifl^sd in the ait upon reading the fe^ 
description. For ejg^pie/elemente which lure shown iit a figure^ to be housed mMn one 
integral unit imy^ for some applications, be disposed in a plurality of distinct uijits, 

25 Similarly, apparatus % comnamuc^tioii and pqwcht tr^mmissibn whM ^ shown to be 
coupled in: a wireless feshion may be, alternatively, coupled in a whred fashion, and 
app^atus for coiniiiunication and pcrwer transmission ^'^idi ?ire shoym to be coupled tea 
wired feshioii may be, altematiyelj^ co^i^I^d m a 
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h AppEoitiiS jte inodifyi^ ©fa patient:, 

one or more electrodesiy adapted to be applied to a site ^elected from a group of 
sites; consisting of: a; spbenopaj^^ito gm0m (SPC3) of the pati^iit and a neural tract 
5 originating in or leadijig to the S1*G; md 

a control ujut, adapted to drive the one or more eleetrodes to apply a cuirent to the 
site capable of induGing an increase in permeability of a blood-brain barrier (BBB) of the 
patienL 

Z Apparatus for mo^ of a brain of a patieu^ compiisiHg: 

10 one or mor^ eleetrpd^, aickpted to be ajpiplied to a site sdeoted ftom a pmp Of 

sites consisting of: a sphenopalaJfiiie gaiaglidii ^PG) df the parent and a ifeural thu^ 
onginaflng in or leading to the and 

a control umtj ^djapted jto dn^ One pt more eiecSrodes to apply a cuirent to the 
site Gapabie of mdiicing an inC]t;a^e in cerebral blood flow of the patient 

15 3 . Apparatiisi for modifying a property of a brain of a patientj comprising: 

one or more electrodes> adapted to be applied to a site seleGted from a group of 
sites consisting of: a sphenopalatine ganglion fSFCi) of the patient and a neural dract 
originating in or leading to the SPQ; and 

a control unit, adapted to drive the one or more electrodes to apply a Current to the 
20 site capable of inducijig a decrease in cerebral Mood fldvsr of IJfe^ 

4. Apparatos for mpdii^g a property of a braM of a patient, compiisang: 

ont or more eiectedesj, adapted to be applied to a sit© selected from a group of 
sites; consisting of: a sphent^alattoe gang^iott (SPG) of the patient and a neu^ ^aqt 
priginatingin or leadi^ BPG; md 

2S a Gontrol unit, adapted to drive the one or more electrodes to apply a cnrrent to the 

site capable of inhibiting parasympatheM of the SPC5. 

5; Apparatus according to any one of daims 1-4, wherein the one or more electrodes 
are adapied for^ period of implantation in the patient greater than about one month. 
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6* Apparatus aeeordiiig to :aay one of elaims 1-4^ and comprising a wire, adapted to 
coxinecttbe cqatroi iinit Ip the pile; or more electrodes, wfa&teiii the adapted 
td drive ibe one otiBOi^j bleb^ a posiiipn exteniai to iJie pati^ 

7. Aj>paratu5 accprdii^ig to my <>i'dm^^ %^ the qpiitrpl itimt is: adapted: 

S to drive Uie one or more eleijtrodfes by wireless conmiurdcation from a position external to 
the patient* 

8> Apparatus aeeording to claim 7, and comprising an .electroinagnetic coupling, 
adapted to couple the control unit and the one or more electrodes* 

9. Apparatus according to daina % wherein the control tmit is adapted to be in 
JO electro-optical communication with the one or more etectrpdes. 

10. A4>par^tus aec?3jrdi^ to daim 7j wherein the iscmtrbl tiiUt |s adapted K> he in 
electro-^pttstic cOmmunicatiGn with the one prmore eJee^pdes- 

11. Apparatiis according to any one of elmms 1-4, wiierelh the cohtrpl xmit is adiagted 
to be implant(5^^ in a nasal cavity Oif the patient 

15 12- AppiaraCits ^^pcording to any one of danns 1-4, wherein the one or more electrodes 
are adapted to be implanted in a na^al cavity of thepatient. 

13. Apparatus according to any one of claims 1-4, wherein at least one of the one or 
more electrodes comprises a flexible electrode, adapted for^^m^ thrpugh a nostril of 
the patient and to extend ^herefrom to the site, 

20 14. Apparatus according to any one of claims 1-4, and comprising at least one 
biosensor, adapted to measure a physiological parameter of the patient and to generate a 
signalreispGnsive thereto, wherein the control n# 13 ad 
applied oirrent re^pojosive to the signaL 

15. Ajipaxatiiis! apc^rdihg to claiiii 14, wherm the hiosensoi CaampriSes a blood low 
25 season 

16. Ai:^paratus according to claiin 14, wherein the biosensor comprises a t^perature 
sensor^ 

17. Apparatus according; tP dadiii 14^ wherein the biosensor comprisBs a chemical 
sensor. 
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18. Apparatus iaojordiii^ ciaim 14, wlieroiQ ^ bimGmm Q^mptims m tilttasotind 
sensor. 

19. Apparatiis according to cidiid 14, wBeifein bioseiisoj: compdlses tmscraiiial 
Doppler (TCD) apparatus. 

5 20. Apparatus accdi^iiig to ctaim 14, wherdn ftte Mosea&pr cojaapri^ lasisr -Dppplei 
appa^atti^. 

21. Apparatus according to daitn 14^, wherein the biosensox coinprises a systemie 
blood pressure sensor, 

22. Apparatus aqeo rdicig to daiia 14, wherein the biosensor poi^^ aij intra^ 
10 blood pressure smisGr. 

23. Apparatus according to daipa 22, whismiit the intifayarMal blood p3?e;ssti|e sensor 
qomprises a detecting elein^nt adapted to be £bted to a fierebr^^ and wherein 
the controt unit is adapted to analyze the signd to #te^^ m indication of a 

presgure i ndicat l^e Of a dot. 

15 24. Apparatus aax»rding to clahn 14^ wherein the biosensor conaprise^ a kinetics 
senson 

25 . Apparatus accwiixiiiig to ctaim 24 ^ wherein the control unit is adapted to ana^e the 
signal to detect aii iiidibatidn of a change in body disposition o£ the patient. 

26. Apparatus according to dainci 14^ wherein the bioSKOSor eoii^prises an 
20 electroencepiialographic (EEG) sensor. 

27. Apparatus according to <iaim 14, y^Hereiii the biosensor eonaprises a blood ycissei 
dot detector* 

28; Apparatus acconiing to 1, vrfb^iqi^ the contred is ada{^^ to coj^Sgpne 
the cun:ent so as to ^fecint uptake off a drug Bbrough^ ffi^ BBB wi^n the; petoeabiH^ of 
25 th€^ BBB is indreased. 

29i; Apparattis acaiqrding to claim 2^ wherBin the control unit is adapted to configure 
the current so as to increase a diameter a blood vess^d ?^ aalow an taaibolus Ifeat is 
located at a sift; iii the blood vessel to nuive frota the siteiii the blood vessel. 

3Q- Apparatus according to daim 2^ wherein the control unit is adapted to drive the 
30 one or inore electrodes to apply the qurrent responsive to ^ indication of stroke,: 
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3L Apparatus accoiding to daim 4, wttereiii flie eoritrol unit is adap^d to drive the 
one or xnGre electrodes to apply the current resjK^iisive to an mdic^tton o| migrsuii the 
pattient, 

32, A method fb^f^i^ px6p^iy of a bram of a patient, cbiftprising: 

S selectmg a site from a group of sites consistiog of; a sphenopalatiiie gaiigliGn 

(SPGJ of the patient and a neural ^ SPG; aiid 

applying a airrent to the site capable of mdiidng aii iporease iiL pemieability pf a 
blood-brain barrier (BBB) of the patieixt. 

33. A iiiethod for m0di%ing a pr^ of a biain p pojaipri^ftig: 

10 seleptmg a :5ite from a group of sites <xiia^stiiig of: a sphefitopaatirie gaiigtipii 

(S FC3) of the pata^ a neural tract oripaatibig in or leading to the SPG; and 

applying a current to the site capable of iiidudiig an i^<^a5e cqrebr^^ blood flow 
of the palient. 

34* A method for modifying a property of a brain of a patieiitj comprising: 

15 selecting a site frpiii a group of sites consistiiig of: a sphenopalatine gan^ion 

(SPG) of the patient; and a neural teact originattog iii or le^iing to the SPGj and 

applying a current to the site capable pfindjiichie a decrease in cetebrai blood flow 
of (hepatient* 

35; A inethod for modifj/'iiig a property of a brain of a patient^ compnsuig: 

20 selecting a site ftom a group of sites consisting of: a sphenopalatme ganglipii 

(S3PG) of the patient and a nemal tract originate SPG; and 

applying a cnrrqat tp the site capable of isJiibiling parasyinpathetxe acdyity of the 

SPG. 

3C A niethoidi aGGprding to any one of claims 32r35i wherein sdlecting tlie site 
25 coniprises inaplantiiig: an electrode at the site* designated to remaiii m the patient for a 
period greater than about onei moath. 

37li A rnethpci according to toy one of daiitis 32-33;, vj^bejitjin Meeting tiie site 
coniprfees placing m eleGtrode at the site, and wherein applying the current comprises 
comninnicating wifli the electrode by vrfred commTiaycation firpin a ppsitipn e?ttej;nEtl tp tide 
30 ^tiieitnt 
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38* A method accDrding to any one of claims 32-35> wherein seli^ciJiig the site 
opiiiprises placing m eleetrode at the site, and wherein applying; the iaaiient €!0irS3prisBS 
communiGatiiig with thp etectroidei by wiretess cqiniBTOTOa^ a positiqn extienialto 

the piatient^ 

5 39* A JSiethOd according to claiin 38, wherein communicating comprises 
comrminieattog via etectroipagnetic cxj 

40, A method according to claim 38, wherein eonmitmicatmg comprises 
<X)minuiiiGa(:iHg via electro-optical coiapliiig* 

41, A method according to claim 38, wherein cQmrnunicatrng comprises 
10 communicatiiig via electro-acoustic coupling. 

42, A method according to any one of claims 32-35, wherein applying the current 
comprises iji^rtotir^ a CQR^ tinit ijdk a imal cayiiy of the patieiit. 

43, A method accor<fiag to any one of claiim 32^35, wherem applying thb ctxrreiit 
comprises imptenting on?; w: more elew^ 

IS 44, A wiethod a<3cordi^^ didm 43^ 
riectrode through jat nostril of the piatieiit. 

45. A method according to any one of claims 32-355 and comprising sensing a 
physioiogical paraflfj^ter pf ti^ patient and generating a signal responsive thereto, wherein 
applying the cairrent cdiibtprises modifying a parameter of the applied current responsive to 

20 the signai 

46. A method according to claim 45, wherein sensing comprises sensing blood flow of 
the patient. 

47. Ametbod according to claim 45, wherein sensing comprises sehsihg a temperatiuNB 
of tlie patient 

25 48- A method according to Gimm 4^i^ whtt^in mii^g CQinpriscis sensih presience of a 
chemical, 

49^ A method aocS)rdiiig to claim 45, wherein sensing comprise^s detecting nltrasonic 
energy, 

50* A method according to claim 45, whersin sensing comprise performing a 
30 transcrania). Ijoppler CTCIS) f eebnique. 
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51, A method aoc^rdirig to daini 45, wieteiii ^nsing; coippiises pejipiitdii^ a ^msr 
Ooppler te^chiaque, 

52, A metiiod aceordiag to daiin 45, wberf^in sensing coniprises s^nsiiBg systotnip 
blood presj^ure of the paitenb 

5 53^ A miBtiipd according to claim 45j wberein s«Q$iiig coinprises jseiismg iittr?Ka:airi^^ 
blood pressure of the padent. 

54. A method aGCDrding to elaim 53^ wherein sensing intracranial blood pressure 
fixing to a cerebral blood vessel a detectm^ element capable of generating the signal, and 
analyzing the; signal to detect an indication of t change i^i blood pressure indicative of a 

10 clot. 

55. A method aocordiiig to clsim 45, wktmi& sensiELg cauxjHrises sensing a kinetic 
disppsitidn of the patient. 

56. Amethod acpQrding to clai£flLj55, \sdierefe kmetic jS^po 
detecting an ihdicallon dh^ge to Ijody di$p of the pati^t 

15 57. A method acjcordijag to daiin 45; wherein SeiiSiiig conlpiise$ sen^g 
electrpBncepWograf^c (EEG) dats. 

58. A method according to cJaiin 45, wherein sensing comprises detecting presence of 
an embolus in a blood vessel of the patient. 

59. A method according to claim 32, wherein applying the current comprises 
20 oonfignring the current so as to facilitate uptake of a drug through the BBB when the 

peiweability of the BBB is increased. 

60. A liiethbd according to daim 33, wherein applying ttie current ca^mpriises 
conflgimng thsf cunrent so as |o liK^ase a duimeter of a jblood vessel and allow an 
embphis that i$ jpcated at ^ site in the falbpd vessel fe> mow Sorix the Site in the tiload 

25 vesseL 

61. A method acicdiding to claim 33, wherein q)plyin^ the curitsnt conaprises app^jring 
th<e current responsiye to ah iudicati^^ 

62. A method acxioi^i daiiii 35, wherein appl^^ the cunreiU csoidpy^^ ajjpiyteig 
the current responsive to an inification of jmtigraiiie of the patient- 
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63. A method aGcording to any one of claims 32-35, v^^erein selecting the site 
comprises impiantmg an eleetrode at the site, designated to remain ia the patieut for a 
period les$ than about one week, 

64. Apparatus according to any one of daims 1-4, wfaer^m the qne or more eiec&^otfes 
5 are adsqpted for a period of iiftj^antation in the patieiit less than about one week, 

65. Vascular apparatus, Gpmprteing: 

a detectiiig elernent, adapted to be fixed to a blood vessel of a patiept and to 
generate a signal responsive to energy commg from the blood vesselj and 

a control unit^ adapted to analyze the signal so as to determine an indieation of an 
10 enxbolus in the blood vessel. 

66. Apparatus acccwrding tp cMm 65, whej^in the dete^slSng eiepent cortiprises an 
energy e^n$tnitter and aii eii*>rgy receivex^ 

67. Apparatus apGording to claiin 66j wherein the energy tran^imtter eprnpfises an 
nitrasouiid ti;an:sina^ 

15 6B. Apparatus according to claun 66^ wherein the energy tcansmitter comprises a 
ti^smitler of eleetromagnetic ene^ 

69. A method for detecting, comprising: 

fixing a detecting elemMt to a blood vessel of a patientr 

generate a si^al responsive to energy qorningirpni tfe Mood vessel} 

20 analysing the signai so as 1© determine an irididatibn of an embdltis in ikt blodd 

vessel. 

70. A method according to claim 69, wherein ge^nexating the signal comprises 
transmitting energy at the biood vessel 

71. A method according to claim 70, wheiein g^eiieSBting the signal ccpjprises 
25 transmittiiig mltrasoimd energy at the bipod vessel* 

A metliipd aceasidiiig to date 7Q, yi*efein geaoetatiiig^ tibe signal compdses 
trarismittihg elec^^ energy at the blood vessel. 
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